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EDITORIAL NOTES 


Mathematics and Design. 


Tue Editorial Note in our number for December 1958 on the unnecessary accuracy 
practised in some calculations for reinforced concrete members has resulted in 
some letters from readers, and further correspondence is given in this number. 
It is probable that the emphasis placed on mathematics during the early training 
of engineers is the reason why so much reliance is placed on calculation. Students 
are taught the principles of design, and no doubt most tutors emphasise the im- 
portance of the practical application of these principles and encourage students 
to undertake further studies such as reading technical journals and visiting 
constructional works in order to keep themselves informed of latest developments, 
and of how designs on paper materialise as structures. As a result of their studies 
of the theory of the behaviour of structures, and the analysis of the strength of 
reinforced and prestressed concrete members, the student may perhaps be excused 
for thinking that structural design is only a mathematical concept. This is not 
true. Calculations are only one stage, although an important one, in the pro- 
duction of structures. 

Mathematics is a means of correlating theory and practice, but as applied 
to structures it is not complete. For example, calculations for reinforced con- 
crete do not generally take into account the effects of phenomena such as the 
shrinking of concrete, changes of temperature and humidity, creep, contraction 
or extension of a strained member, and differential settlement of foundations. 
Some of these phenomena produce stresses as large as those due to the loads and 
pressures, which are generally the only factors taken into account except in the 
design of arches and prestressed members. It is assumed generally that a struc- 
ture is not strained before the application of the live load, although this can 
rarely be so in view of the effects of restrained shrinkage and the piecemeal method 
of construction. These and other factors cause strains that may augment, but 
in some cases relieve, the stresses due to the loads. 

The assumptions sometimes made bear so little relation to actuality that it 
may well be asked, What is the use of so much mathematics? Its value is that 
it is a measure related to experience. By applying certain rules, represented 
by the substitution of numerical values in formule, certain results are obtained 
Which indicate the size and reinforcement necessary for a member for a particular 
purpose. It is known from experience that these results produce sound structures, 
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not because the assumptions used in the mathematics are necessarily correct, 
but because by following these rules inaccuracies in the assumptions may cance] 
one another. Nevertheless the use of different rules for design can give very 
different results. In the case of the compressive resistance of a rectangular 
beam when calculated by the modular-ratio method and the load-factor method 
the difference may be as much as 30 per cent. Similarly, the resistance of com- 
pression reinforcement if calculated by the load-factor method is about double 
that calculated by the modular-ratio method. When the use of the load-factor 
method results in the use of less material than is found to be necessary by the 
elastic method, the factor of safety is less, but experience since the elastic method 
was devised has shown that it often resulted in members that were unnecessarily 
strong for their purpose. 

Also, loads may vary considerably from those assumed. For example, the 
load on a floor is rarely uniform, but generally comprises a series of intensive 
loads separated by unloaded areas. The concept of uniform distribution, for 
which designs are so rigorously prepared, is only roughly equivalent to the actual 
loading. The pressure against a wall retaining earth can fluctuate enormously, 
so the wall is designed for a pressure which it is hoped provides for the worst 
possibility. The maximum permissible stresses recommended in codes of prac- 
tice are a guide to good practice, but sometimes the combination of maximum 
stresses and minimum loads could result in unsound structures. The foregoing 
emphasises the fact that structural design is not only a process of substituting 
figures in formule. Structural design can be learned only by experience, and 
experience can be gained only by practice. Much may be learned from books 
and lectures, but much more can be learned from studying the work of experienced 
engineers. Successful and economical structures are the result of an alliance of 





. . . ? 
sound theory with economy, of design and construction. 


It is natural to ask whether mathematics, or rather “ applied arithmetic ”, 
is necessary in view of the uncertainties in calculations relating to reinforced 
concrete. There is a trend, in the design of common members at least, to omit 
calculation and to adopt standard sections. The time may come when common 
types of buildings such as framed office buildings and residential flats and the 
like will not be designed member by member but the dimensions and reinforcement | 
of the members will be obtained from tables or be known from experience, in the 
same way that the properties of floors, particularly of precast floors, are obtained 
from tables. ‘‘ Shell” roofs are at the other end of the scale of complexity, but 
it would not be economical to make every such roof the subject of a mathematical 
treatise. Ordinary shell roofs can be designed from data and tables derived 
from experience, but complex analyses are necessary for designs that are not 
standard. The cost of designs is now so high that as little time as possible should ’ 
be spent on calculations for other than exceptional structures. If a little extra, 
material be used in a member of standard size, this may be offset by saving in 
the cost of the design. This would give the designer an opportunity of being 
concerned more with planning and the engineering implications of planning than 
in substituting figures in formule. Nevertheless, the mathematical approach 
must not be neglected, because mathematics comprises the basic principles of 
structural engineering. The need is for a realistic outlook while manipulating 
the mathematics. 


— 
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(& Benne | NORTH-LIGHT SHELL ROOFS IN POLAND. 
North-light Shell Roofs in Poland. 


By W. ZALEWSKI (Warsaw). 


Tue distribution of longitudinal stresses in a cylindrical north-light shell (Fig. 1) 
is such that the lever-arm between the tensile zones near the top and bottom beams 
and the compressive zone between them is small, and the tensile and compressive 
forces are correspondingly large. These forces can be reduced by using arches 
instead of beams over the north-lights to obtain a series of conoidal shells (Fig. 2a), 
or doubly-curved shells (Fig. 2b), consisting of two mutually-penetrating cylindri- 
cal skins (termed half-cloister vaults). Tests on models and prototypes led to 
the use of these types of roof for some recent Polish structures. 

The roof of a railway workshop near Warsaw shown in Figs. 3 to 6 is sup- 
ported on columns at centres of 23 ft. in one direction and 83 ft. in the other. 
The conoidal shell has a thickness of 2} in. increasing to 4 in. at the edges, and 
is stiffened by an arched beam with a curved tie. The mullions of the north-lights 
suspend the tie from the arch. The roof consists of 133 bays and covers an area 
of about 254,000 sq. ft. A moving scaffold, mounted on the crane rails shown 





Fig. 1. 
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Fig. 4. 
in Figs. 5 and 6, was used; after the structure was completed the scaffold was 
used for other buildings. 

The action of a conoid is as shown in Fig. 7; the hatched areas represent 
zones in which shearing forces and moments occur, necessitating a greater thick- 
ness in these regions. A feature of this type of conoid is the presence of negative 
curvature along the bisector of the angle between the short side and the lower 
edge (Fig. 8). At this angle the tangent to the surface is nearly horizontal. 
Consequently the vertical forces are not transmitted to the support by the vertical 
component of the inclined compressive force, as in the case of short cylindrical 
shells, but by the shearing forces. 

A more efficient type of roof in which this undesirable feature is avoided is 
termed a “‘ truncated conoid ’’. This is generated by a straight line moving along 
two arched curves; the higher curve is formed by the north-light and the lower 
curve by an inclined slab (Fig. 9g). In this roof the zone in which the bending 
moments occur (that is the inclined slab) is considered separately from the curved 
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zone. The shape is such as to ensure the efficient and simple transfer of the 
internal forces to the supports; the action is similar to that of a dome. This 


action is characterized by the absence of inclined tensile forces in the slab and 
by the concentration of the reinforcement at the bottom edges, the lever-arm 


being correspondingly large. Because of this concentration prestressing is often | 


employed, using straight wires or cables, in conjunction with precast edge-units: 
the shell is cast in place after the erection of the edge-units. A proposal for th 
use of truncated conoids with prestressed precast edges for the roof of a large 
factory is shown in Fig. 10; the columns would also be precast, and the curved 
shells and inclined slabs would be cast in place. 


ReEhEDY Ett Ita Y EET 


12.00 J 12.00 1200 12. . 12. = 
(39-0") ’ 9-0) + (9-07 wd @e-0) 1 9-077 


Fig. 12. 
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The conoid is particularly suitable for structures in which the spacing of the 
columns in one direction differs greatly from that in the other. 
examples described, for example, the spacings are 83 ft. by 23 ft. and 88 ft. by 
When the spacing is about the same in both directions the “ half-cloister ”’ 
Since the year 1954 vaults of this shape have 


In the two 


29 ft. 
vault (Fig. 11) is more suitabie. 
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been used for many structures in Poland, particularly for the textile industry ’ 


for which smooth ceilings are important. 

Such a structure is shown in Figs. 12 to 16. The height of the columns is 
about 16 ft., and the ratio of the glazed area to the floor area is 0-25. Gutters 
with large cross-sectional areas are used to allow for the severe winter conditions, 
The shell consists of developable cylindrical surfaces, the shuttering for which ; 
is simpler than that for doubly-curved shells. The cost was also reduced by the 
use of moving shuttering which could be moved without lowering it below the 
level of the tie. During the first stage of construction the tie was omitted, the 
horizontal thrust being transmitted to the frame formed by the arms of the pre- 
fabricated columns and the arched beam above the north-light which was cast 





at the same time as the shell. 
tie was shuttered and concreted. 


the roof was six days. 
of steel was 20 lb. per square yard. 


After moving the shuttering to the next bay, the + 
The precast columns weigh about 6 tons, 
Three sets of moving shutters were used. 


The time required to cast one bay of! 


The thickness of the concrete is 4} in., and the quantity 


The architects for the conoidal shells described were Messrs. Ihnatowicz and 
Romafski, and the structural engineers were Mr. Z. Walczyna and the writer. 
The architects for the half-cloister vaults were Messrs. Sikorski and Marconi,’ 
and the structural engineers were Mr. J. Dragula and the writer. 


Repairing Damaged Structures. 


An account of the deterioration of some 
concrete structures on the Danish State 
Railways, and the methods of repairing 
them, are given by Mr. Arne Jeppesen in 
a publication entitled ‘‘ Durability and 
Maintenance of Concrete Structures on 
Danish Railways ’’, issued by the Danish 
National Institute of Building Research 
and the Danish Academy of Technical 
Sciences. The brochure, of 76 pages, is 
obtainable from the Institute at Borger- 
gade 20, Copenhagen. 

The deterioration has generally been 
due to insufficient cover of concrete over 
the reinforcement, the use of alkali- 
reactive aggregates, and the effect of 
smoke on the undersides of bridges. 
Gunite, with reinforcement if necessary, 
has generally been used to repair - the 
structures, but other methods have also 
been used. Cement mortar or neat 
cement paste has been injected under 
pressure to fill larger cracks and voids. 
In the case of fine cracks and porous con- 
crete, chemical-consolidation processes 
have been used. 

If the deterioration of large masses of 
concrete, such as bridge piers, is known to 
be deep seated, or if the damaged con- 
crete is exposed to severe weather, to con- 
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tact with sea-water, or to conditions likely 
to cause damage, a new face cast in place 
has often been used in place of gunite 
The concrete is cut away to a depth of} 
6 in. to 10 in., dowels are inserted, rein- 
forcement is fixed to the dowels, and a 
concrete facing cast within shutters. 
The method adopted to provide a water- 
proof surface to bridges on the Danish} 
State Railways is as follows. The surface} 
of the concrete is rubbed smooth, any 
holes are fiiled with mortar, and a priming ; 
fluid of tar-free asphaltic bitumen 1s 
applied at the rate of about 14 oz. per 
square foot. In the case of plain concrete 
that is not exposed to flowing water or to 
water pressure, two coats of a more 
viscous tar-free asphaltic bitumen t 
which asbestos fibre is added are applied at 
the rate of 5 oz. per square foot. In thes 
case of reinforced concrete, including 
bridge decks, the priming coat is followed , 
by two layers of tar-free asphaltic bitumen 
of a plastic consistency, to which bitumen 
impregnated jute is added; each of these 
layers is applied at the rate of about 3 02 
to 4 oz. per square foot. This is covered 
with a layer of wool-felt, followed by} 
a layer of reinforced cement mortar 1} in 
thick. } 
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Elastic Analysis of Two-dimensional 
Indeterminate Frames—lI. 


Modern Methods of Computation. 
By A. H. DOUGLAS, M.C., M.A., B.A.I., A.M.L.C.E. 


IN GENERAL, a structure can be analysed in two ways, which are superficially 
different but fundamentally identical. Either the elementary equations governing 
stress and strain, or alternatively the more general principles governing work and 
energy, can be used, and in both cases the requirements imposed by the boundary 
conditions must be considered. Both systems are suitable for modern computa- 
tional methods, including the use of matrix algebra, but so far only the first has 
been treated in this way. In the following, the work-energy method has been 
similarly treated to provide a uniform method of solution for frames, as opposed 
to continuous surfaces. Although the method is intended mainly for use with 
fairly complex frames, for which neat methods of computation are essential, it 
can be used for simple problems such as the elementary examples given. 

An attempt has been made to re-state the relaxation and other methods of 
elastic analysis in a more general form which emphasises their common origin 
and is suitable for modern computational methods. In this approach the 
analogies and short-cuts which have been developed for the solution of particular 
problems cannot be used, but the advantages of an easily-memorised general 
method may well outweigh the small amount of extra work. 

The general aspects of the subject are not included here, but are fully dealt with 
in the works mentioned in the references. The scope of this work is limited to the 
establishment of a uniform approach to the analysis of two-dimensional indeter- 
minate frames, which the writer has found useful. Much remains to be done, 
for example by the inclusion of terms to allow for effects of instability, before 
these methods of computation can be applied fully to the analysis of rigid frames. 
An important requirement is the formation of a library of basic solutions expressed 
in a standard and easily-applied form, for example in the form of inverted 
matrices acting as overall influence ccefficients for selected families of structures, 
that is an extension, in a more flexible form, of the work started by Professor 
Kleinlogel. 


The General Problem. 


Physically, all methods of elastic structural analysis depend on two theorems, 
namely the principle of conservation of energy (including the associated theorem 
of minimum potential energy) and Hooke’s law. The requirements of continuity 
and compatibility, implicit in the word frame, must also be satisfied. 

Mathematically, all methods involve, directly or by implication, the solution 
of a series of linear simultaneous equations (the ‘‘ unknowns ”’ being either forces 
and moments, or displacements and rotations) whose terms conform with a 
minimum value of a quadratic function of the same parameters (the total energy 
function). The coefficients of the equations are therefore second differentials of 
the total strain energy with respect to the chosen variables. 

Summarising the foregoing in its simplest form: if U and V represent, 
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respectively, the internal and external potential energy of a given frame, then ? 

U + V is the total potential energy. Therefore for stable equilibrium 
a(U+V f : 
(U = 0, so that al at 


aX a te x, since dV x, aX, 


in which x, is a known movement of the point of application of an external force X | 
along its line of action. This is Castigliano’s First Theorem. Similarly 
oo ; ; 
ve a + V) = 0; so that na = - i X, since dV X, dx, 
dx dx dx 
in which X, is a known external force acting on the frame. ‘This is Professor 
Southwell’s Complementary Theorem. 

The next step is to find expressions for U in terms of X and x. By Hooke's , 
Law, X = Kx, in which K expresses the stiffness of the frame, which is its resist- 
ance to deformation, and equations (I) give the required expressions. The last 
two of these equations give the values of X and x in terms of the known values 
x, and X, respectively (X and X, both represent external forces acting on the 








} 
U = /xdx = tax x* 
J 4 ke ‘ t.€. Fota/ shasic work done by xX j 
=J/Xdx = QR x 
I I# follows trot: —_ 
na aw _ gv 
So K* 4 ax* oF 3 4.€é —- axe X =, 
ay gu. av. dU. = 
Ga (XS FaeX s se = * ov °% , 


framework. Itsreactions to these will be of opposite sign, and the sign conventions | 
of the moment area and relaxation methods take this into account). 

The coefficients of X and x are the second differentials of the strain energy 
of the framework. They define the deformation per unit force and the force 
per unit deformation, respectively, and are usually referred to as influence! 
coefficients, but they could more accurately be termed “‘ resilience ”’ and “ stifi- 
ness” coefficients respectively. It would, of course, be absurd to use these! 
equations if simple values of K could be used, but in more complex cases they pro- 
vide a unified approach which is valuable. 

If in addition the framework is acted on by a second force Y, there wil 
usually be some interaction between the two forces, and the resulting equations 


—. 


for U will contain a third term to express this [see equations (II)|.__ These equations 
can be expressed more conveniently in matrix form, as shown in equations (I)? 
and (2). 


Equations (1) and (2) form the basis, expressed or implied, of all methods” 
of elastic structural analysis so far devised,“ and are here referred to as the 
“minimum energy ”’ equations. In practice, they are associated with the alterna 
tive expressions for U given in equations (3), all of which follow directly from tht 
theory of bending which is itself a corollary of Hooke’s Law“; in these equations § 
K is the stiffness of the member concerned, F, and Fy are the fixed-end moment 
for mid-span loading, and C includes all terms which vanish on differentiation } 
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a EGER AY tah) -Fa) 4-4) } 00. (38) 
7? Perms of end Slopes and cex/ecthions : 
thods ® 2 2 
“ye U = E2EK\(6,-9)"+(4,-9X 4-9) +(-y)} 
a + ESE -@) +h (G “2)} a eee. 
ations} where K = Stiffness of member concerned ; 4a and fy =txed end 
ment’ Mornens’s for mmd-Span loading ; Cinchedes a// alee wAlth 
ation } VeN134 on differentiation. 
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Equations (3A), (3B), and (3C) will be used to derive the coefficients of equations 


(1) and (2) for the moment-area, strain-energy, and relaxation methods respec- pe 
tively. These equations will then be used to produce particular and general follo 
solutions for some typical problems. Pe 
Equations (1) and (2) can be set up either by a direct (mainly algebraic) 
approach, as in the strain-energy or “ least-work ’’ method, or by an indirect whe 
(mainly arithmetical) approach as in the moment-area and relaxation methods. | re 
Professor Hardy Cross’s method, despite its range and power, is too empirical tion, 
to be suitable for generalised treatment of this kind ; it is closely related to the cokes 
newer, but more general, relaxation method. nll 
The strain-energy method produces a series of fully-formed simultaneous | knee 
equations by a single mathematical operation. The two other methods approach | 
the problem in the opposite way by the evaluation, one at a time, of a series of | gin, 
influence coefficients, which are used to build up linear simultaneous equations. } , 4, 
These coefficients, however they may be derived, are the second differentials of gion). 
the total strain energy, and therefore the coefficients of equations (1) and (2) jeag 
respectively. They express the rates at which the total energy approaches its 4... 
minimum value (the deformations caused by unit force at, or near, conditions 
of stable equilibrium, or alternatively the forces generated by unit deformation ? g;,. 
at, or near, these conditions). In other words, they define the resilience and (stra 


resistance of the framework respectively. mus 
These operational influence coefficients are derived from certain basic } the. 
coefficients for a typical element of a framework. In the relaxation method | 7p, 





this element consists of a single straight member spanning between two adjacent } pe. 
joints (Professor Southwell’s “ Unit Problem ’’). In the moment-area method, } o¢ », 
it is a part of the framework, comprising one or more members, which has been | pet} 
rendered statically determinate by introducing suitable cuts or hinges or for which } anq 


the solution is already known. 

If the variables are forces, the degree of mechanical redundancy N of the f of 4 
framework must be determined either by inspection or by a formula. For } gire, 
a plane all-rigid structure, which has no hinged or sliding joints, the formula is 
N = 3(m — j + 1) in which m is the total number of members (including equivalent } tap, 
members between foundations and anchorages), and / is the total number of joints | qe 
(including foundations and anchorages). 7 

When the variables are deformations it is necessary to determine the geo- } form 
metrical redundancy, which will be the number of unsupported joints multiplied | men 
by the number of independent degrees of freedom of each joint. In a plane jg y, 
rigid structure, in which each unsupported joint can move independently in three 
different ways, the formula is N = 3/, in which 7 is the number of joints which are 
free to move. In the more usual case of a “ cellular” structure, in which longi- 
tudinal strains are neglected, this formula reduces to N = j + s, in which 7 is the 
number of joints free to sway or rotate, and s is the number of vertical panels or ? tane 
stories. | wide 

In the methods of solution commonly used, a distinction is made between | (in ¢ 
the force and deformation parameters. The term force here includes moment, | be ; 
and deformation includes both displacement and rotation. Mathematically these | not 
parameters are freely interchangeable, since energy is measured by force times /latir 
deformation, but in practice this is not so, because the condition of continuity } 


f 


al 
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10S 7 fects the result. Although a given movement of one point of a particular 
Pec- | framework will always produce the same force at a neighbouring point, it does not 
eral | follow that a similar force, applied at the latter point, will necessarily produce the 
__ | same movement at the original point. It may have a different effect. 
ralc) This difference was pointed out twenty years ago by Dr. E. H. Bateman 
rect, when he drew attention to the distinction between “ linear’”’ and “ cellular” 
ods. | structures with regard to analysis. Deformation-energy methods (slope deflec- 
rical | tion, moment distribution, and relaxation) are usually more suitable for the 
the | colution of cellular frameworks, and moment-energy methods (the moment-area 
method, also strain-energy methods using forces and moments as variables) for 
we linear frameworks, although there are many borderline cases. 
ach ', Summarising, there are two approaches to the elastic analysis of two- 
- of! dimensional indeterminate frameworks. The first, for frameworks of a linear 
Ons. } nature, leads to equations having forces (or moments) as variables, and deforma- 
ls of tions as fixed coefficients. The second, for frameworks of a “ cellular ” type, 
(2) leads to equations having deformations as variables, and forces (or moments) as 
SitS fixed coefficients. 
Hons There are also two general methods of producing the equations, namely the 
ton ? direct (algebraical) method and the indirect (arithmetical) method. The direct 
and , (strain energy) method is applicable to all types of work, but indirect methods 
_ | must necessarily be confined to a particular type of equation. In the following, 
asic | the indirect procedures are the moment area method and the relaxation method. 
thod | The first of these is linked with the names of Clerk Maxwell, Mohr, and Miiller- 
cent | Breslau, and the second with the names of Professor Hardy Cross (the pioneer 
hod, } of modern iterative methods of solution) and Professor Southwell. Whichever 
been method of analysis is adopted, the three main stages in its application to general 
hich } and special problems are : 
(a) The establishment of basic influence coefficients for a simple element 
: the of a framework by differentiating twice the expression for its strain energy (or 
For directly from the theory of bending, if preferred) ; 
la is (6) These basic coefficients are applied to the actual framework by graphic, 
alent } tabular, or algebraical methods of summation to produce the operational influence 
ints | coefficients : 
(c) The operational coefficients are used to construct (preferably in matrix 
80 | form) the minimum energy equations, leading in favourable cases to the establish- 
plied | ment of an overall influence coefficient (in the form of a reciprocal matrix) which 
lane "is valid for all forms of loading. 
three 
h are : 
ongi- 5 The General Solution. 
s the The merits of matrix methods of presentation and solution of linear simul- 
Is of ? taneous equations are so outstanding that it is surprising that they are not more 
widely used by structural engineers. By their use an overall influence coefficient 
ween | (in the form of a reciprocal matrix), valid for all arrangements of the loads, can 
nent, | be produced for each particular framework. The work is easy when there are 
these hot more than four “‘ unknowns ”’. For a larger number of ‘‘ unknowns ”’ a calcu- 
- (lating or computing machine is desirable.‘ “ 
iuity 


} Alternatively, the original matrix can be solved for particular forms of 
f 
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loading, either by iterative methods, or by using a computing machine. In? 
either case, the equations are already in a suitable form for easy manipulation | solt 
using standard procedures or programmes. There are now several centres in [pj 


the United Kingdom equipped to solve arrays of linear simultaneous equations | 





: rect 
by computing machine for a reasonable fee. 
Assuming that equation (1) has been set up for three unknown forces X, Y larg 
and Z, the resulting equation, in matrix form, would be as shown in equations (4 | solt 
oth 
dy dy ay x - | has 
ZX* dxdy aAxa2 ‘ | solt 
de dy dU) x, |y| ene ly | (2) 
axdzY AY* AYAR / ¥ by 
ay BY dtu z 2 fos 
axdZ 4¥4Z2 az . } 
we 
or more conveniently : nov 
a, Z, z, | x ao, mt 
ze) 
a. a, 43| x|y| =|a,, —a ee (4) - 
Ly, L;, a;; Zz A, , 
where _ £Y . fy . for 
az dx* 2 az, *dxay ? ec. for 
4, 31,7 &, 5 4,,°452 re 
u 
Hy, 2%, 5 Loz “2 t,; *<, but 
whi 
beit 


It will be seen that the resulting matrices are always square, and symmetrical } 


, : , ze has 
about the main diagonal. The general solution for equation (4) is given 1 








equations (IV). 9 
7 % 4. 4% Lo, 
y ™ + @,, F212 4,3] * a,, 
2 23, a5, 233 Lo; 
‘ ofa 
wWAere 2, ” dy, ‘ d, . } rate 
a, =-a,. q,, +d,, a; =z, due 
93 7 4.4,,-4,-L3 =A, and 
IV A, =, .£3,-%; apy 
923 =-d,- 4,3 +d,.4); = 232 ; 
ois = iy aa on " 
A = 4,°4%, +4, 4°23 met 
The value of X, For exarnpble, for any on Joeding condifon, ¢e | 
for are rales of Ap, ehe., Such IS d,, » Lon » %3 > “S? 
x = ia by ° 25, yoda day *8 +2,; 7 — 
Y, = KC 44 Sy, +9 St do) » 
Z,* K(4y-%), +p. av 4, a Se) « , 
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In Equations (4) and (IV), which are in general terms, show that this form of 
ition | solution is valid for all methods of two-dimensional elastic structural analysis. 
*s in| This use of matrix methods is not new, but its merits do not seem to be fully 
tions! recognised by structural engineers in this country. 

When there are from four to ten ‘“ unknowns’ 


(and occasionally for much 
larger numbers of ‘‘ unknowns ’’) there is a wide range of problems that can be 
solved by Professor Southwell’s relaxation method, which is tending to replace 
other iterative methods of solution.) The term “ relaxation method” now 
has three different meanings, namely, (1) a method originally developed for the 
| solution of indeterminate frameworks by the systematic relaxation of constraints ; 
| (2) a procedure for the solution of physical, mechanical, or electrical problems 
by means of relaxation networks, involving the setting up and solution of dif- 
ferential equations ; (3) a generalised iterative method for the solution of any 

4 well-conditioned set of linear simultaneous equations. Methods (2) and (3) have 

now become arts in their own right; method (3) is the one which is of interest 

in the present context. The versatility and power of method (1) have not been 
generally recognised because no satisfactory text-book for structural engineers is 
available to explain its use. 

If the problem justifies the work involved, there are also practical methods 
for evaluating the inverse matrix, using an ordinary calculating machine,“ and 
for the systematic solution of particular cases, for example Gauss’s method.’ 

Until recently it was not possible to obtain a solution for more than eight 
“unknowns ”’ without the use of simplifying assumptions and approximations, 
but the use of the digital computing machine will probably alter this. Mean- 
while, for specific conditions of loading, the use of the relaxation method is 

being extended. For the particular problem of multiple-story frameworks it 
? has been possible, because of the rectilinear pattern and repetitive nature of the 
structure, to develop methods for the direct production of inverse matrices by 
the ““ remove-frame ”’ and similar methods. ®) 


~~ 





etrical 
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Application to the Moment-area Method. 


This is an indirect method based on equations (1) and (3A). 

DETERMINATION OF BAsic INFLUENCE COEFFICIENTS. In a typical element 
of a framework (0-3 in Fig. 1) the known bending moments at any point due to the 
forces P, and P, respectively are m, and m,. The corresponding bending moments 
due to unit loads at (1) and (2) respectively are m,’ and m,’. Then m, = Pym,’, 
and m, = P,m,', and equations (6) may be obtained. Note that if P, and P, are 


: 3m,mds . as , 
applied successively instead of simultaneously, then | - we 2 € (U, + U,) 
> 7 e y 
= work done by P, during the application of P,, and vice versa. This is the usual 
method of derivation by “ virtual work ’’. Equations (6) are given on page 146. 
ni te 


| le Jz 


Oo f 3 
Fig. 1. 


ww 
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are assumed to vary linearly from 1 to 2. Sagging moments are treated as| 
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Starting yrom eguetion (3A), and assuming fo ard -y +o act 
arate : 


= [Cwm "ds 40 =f (Ami + Bm )*ds 4c 














2242 } 
Expanding : — = 9 = 
=P?/ 28 s2pp [Pads ,p*/"m ds 
ad Z 2EZ “*@ me +h 2ET “© 
oe peer | 
% =f ™,"E,p a | “gS LN = to4a/ deformatiorr at 1 ; and 
Sinular/y for 55 
"ee 49a): a 
ad “ oy as diy _ (3mm, ds ; 
zP> I ia “S15 Bae “J “ee 5 
ai - 3m Pa ; he - Fat'm, ds * os ‘() ) 
AF, A érz 22 4P, PZ Z 42 2s _ 
where 
. §, 2 deformation af 1 due po uni- yerce GF 7 
&, 2deformetion af 1 due fo unt force a 2 
&., “deformation at’ 2 due to unit force at J * y, 


8, =deformation af 2 due to unit force ak 2 


The basic coefficients for any given framework can aay be found, one at a 


; tn; Mr ds 
time, by calculating the respective values of the expression | - - for the chosen 


Je = 

elements. The operational coefficients can be obtained by summation over that 
part of the framework affected by the loads concerned. This work can generallj 
be carried out, without the’ use of the calculus, by dividing the moment areas int 
convenient sections and treating these in turn, using a simple expression linking 
the value of the integral with the terminal moments concerned. This expression 
is obtained by elementary algebra as shown in equations (7), in which the member V 
2 is acted on, simultaneously or in succession, by couples a,b, and a,b,, whict 





positive ; hogging moments are treated as negative. This expression is true what-\ 
ever the positive, negative, or zero values of the four end couples may be, and is} 
applicable to most of the cases found in practice. However, the special values} 
given in equations (VII) often occur; variations due to zero couples are self, 


evident. 


The procedure is reminiscent of the game of patience 
has used the phrase 


Equations (6) and (7) are the basic equations of the moment-area method. 
- Professor A. L. L. Baker! 
structure patience’ to describe it.) > 
Professor Morrison, of Alberta University, Canada, recently pointed out!" 


“e 


that by using existing solutions for basic types of indeterminate frames, such as 


those published by Professor Kleinlogel,"”) the range and power of the moment- 
area method can be considerably extended. His method is illustrated, for 4} 
fixed two-bay rectangular frame, in the following example. Although the order 
of redundancy of the framework is six the number of unknowns does not exceed 
three, and the overall influence coefficients for the frameworks can be found| 


easily. \ 
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EXAMPLE (Fig. 2).—EI is assumed constant throughout (and is therefore 
omitted from the calculations) ; 4 = / = s throughout. 
The sign convention is determined arbitrarily, and the results are interpreted 









































accordingly. 
s he me Ss -_— —) 
yf a 
_I 
xT x, 
i? a =7 (2) wef 





Prise Kleintoge/s "Rt “gid Frame Forrualas hy a “/): 
X, *Wy $5 Xy "Weg si i A "Ty2 s Xz? Mya i Y= Yaa 3 Ne * Iya 
Basic intlience enainaseeate C pan within brackers ory ): 











2 _ /3 =) 
X,Oo% Hy +h ee S 2; X%,(2% We) =- S-s 5 XY, - — 3 
36 é of .- = 42 3 
x, CN te ) a $3 x, (2% %,) = Marly ld ; xX, (% “2%, ee wp e% 
47/ “4 





2 2 
"Wh Ue = Eels 5 4% % Nhe Me aan 


Oberationa/ a cuattnenel « 


§,=%s'; §, 2-5; 2-35"; 
b,.> Z3 534% s(x, -X,X, *X, Se otiaail = Yogs3 ; 


8,5 =-yst+ sfx, (2y-%)-x2(%-2%)}- 4 54x 20% *%)} 
-%S$x,(2%-%) “Xa%e-2%,)} = - Sagas"; ei 
543 225 +S(¥2-Y¥, +Y,7) ASG? *Y, +454 Ae) = he 


=a —— 
42 «4.2 


The resulting mirmum energy egualrOrs ,/7 pratltix form, He: 


#53? -4s" Ms" v 5,, 

-4,37 Ys*® -"Saas*\x\n | = ® 
a La 

J,s* -Shgs jars ” §,3 


where. 3y,, So. ond & 3 ore Me dePormations due to He cx/erna/ loods. 
The genera! Sbiutiorn for ris 1S: 


Vv RBIs (38/53 -169/52 oo 
H = hes 1383 31463 - /B/5 x Soa oe aS ies (8) 
” (6a 195» 3Y 803 


in which phe reciproca/ mattix d&ls a an overall influence coet#hcienh 
Weld for a? forms of /oaclirag ) for /ris particular framework. 


148 April, 1959 


A cut is made as shown. 
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ELASTIC MNALYSIS. 
For the two kinds of loading illustrated, equation (8) (page 148) gives the 
results shown in the following. As a check it will be found that similar forces 
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a _ 392 
ci - and C4 *48 - 





applied to the other side of the structure will give consistent results, although 
the calculations differ. The results are also consistent with those obtained by 
relaxation methods. 

This is a trivial example, but the general solution could in turn be used to 
produce a general solution for a frame with three bays. 

EXAMPLE.—Using the same method, with little additional work, a general 
solution has been worked out for the two-bay gable frame, using Professor Klein- 
logel’s results for a single-bay frame of the same shape (Frame 92). Because of 
its reciprocal nature the overall influence coefficient (the reciprocal matrix), 
which forms part of the general solution, is of the opposite type to the operational 
coefficients from which it is derived. If the latter express deformations per unit 
forces, the former expresses forces per unit deformations, and vice versa. 
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This is the example which was used by Dr. E. H. Bateman to illustrate his 
elegant and highly-generalised method of solution for single-story multiple-bay 
fixed frameworks (which, however, requires a considerable knowledge of matrix 
algebra for its interpretation and use)."*) The results secured by the application 
of these equations to the loading conditions selected by Dr. Bateman agree with 
his results throughout. 
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(To be continued.) 


The Effect of Calcium Chloride so-called ** anti-freeze ”’ preparations 
on Reinforcement. which should not be used unless they have 
Mr. A. KLEIN, of Eefde, The Netherlands been tested. Calcium chloride im yr 
writes es tollows. ’ proportion of 2 per cent. of the weight of 
I enjoy reading the Editorial Notes in peer lowers the freezing ered by 7 
“Concrete and Constructional Engineer- resent : oe. os z 2 nan mse a pond 
ing ’’ and the wisdom and experience you ae a 7 _ aan — ¥ ~ : a 
apply to interesting or controversial ace a oe! e- yo ven matty f : ‘ 
topics. In your number for February ee a a 
last you deal with the effect of calcium 
chloride on _ reinforcement. The first 
time I used it I found some rust on the 
bars in a specimen which was tested to 


The Theory and Practice of 


destruction, and I have distrusted this Making Concrete. . 
chemical ever since. In cold weather a A Professor of Civil Engineering writes 
little preheating of materials and insulat- “I congratulate you on the breath o! 


ing will do wonders in preventing concrete fresh air and sound common sense in the 
from freezing, and a heating installation Editorial Note in your March number con 


at the site is useful if temperature falls un- cerning mix design of concrete. | could 
expectedly. quote many examples where vast sums of 


In the Dutch C.U.R. publication on money have been wasted through such 
Winter Concreting, Report No. 61, I gave work being done by inexperienced young, 
a warning against the use of some of the men.” 
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THE AVON DAM. 


The Avon Dam. 


A PLAIN CONCRETE 


Tue Avon dam (Fig. 1) on Dartmoor, 
Devonshire, is a plain concrete gravity 
structure 108 ft. 6 in. high and 9g8o ft. 
long. It is slightly curved in plan but 
arching effect is neglected in the design. 
The central spillway is 120 ft. long and 
94 ft. above the level of the stream. The 
dam can impound 305,000,000 gallons of 
water, but provision is made for increasing 
the height by 13 ft. in the future so that 
the storage capacity can be increased by 
50 per cent. A cross section of the dam 
and the profile of the foundation are 
shown in Fig. 2. The foundation is 


STRUCTURE. 


the greatest calculated stress in the con- 
crete at the toe of the dam is 82 lb. per 
square inch and the factor of safety 
against overturning is about 2}. When 
the reservoir is empty the greatest calcu- 
lated stress at the heel is 107 lb. per 
square inch. Uplift is assumed in general 
to vary uniformly from 50 per cent. of the 
full head at the upstream heel to 100 per 
cent. of the tail-water head at the toe and 
to act over the entire area of the base. 
This assumption takes into account the 
underdrainage of the main foundation and 
the extensive curtain of grout. In view 





Fig. 1. 


granite, but intrusions of decomposed 
granite and china clay necessitated ihe 
grouting of fissures and removal of soft 
material 

The superstructure was built in twenty- 
four separate monoliths with contraction 
joints between (Fig. 3); the maximum 
distance between joints is 40 ft. for the 
five central monoliths and 34 ft. 6 in. for 
the remainder. Details of the method of 
sealing the joints are given in Fig. 4. 

The upstream and downstream faces of 
the dam are faced with precast concrete 
blocks 2 ft. thick, two courses of which 
were laid at one time to act as shuttering 
for a 4-ft. lift of hearting concrete. With 
the reservoir full, and with concrete 
having a density of 145 lb. per cubic foot, 
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of the fissured character of the foundation 
at the left bank, an uplift of 75 per cent. of 
the upstream head is assumed for the 
length affected, and the width of the base 
in this area is greater. 


Provision for Increase in Height. 


To allow the height to be increased in 
the future provision is made for vertical 
prestressing by forming 2-in. circular ducts 
in the dam to receive the cables. The 
ducts and the consequent modifications in 
the structure cost £6370. 

The criteria for the spacing of, and the 
forces in, the cables are that there should 
be no tensile stress in the upstream face 
and that the tensile stress in the down- 
stream face should not exceed 50 lb. per 
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square inch. It is also necessary to per- 
mit the construction of the cable anchor- 
ages by drilling through the ducts; also 
the anchorages at the top (jacking end) 
should be accessible for testing and adjust- 
ment and it should be possible to enclose 
them in a future gallery. Provision is 
made for two cables in each of the five 
40-ft. monoliths and in five of the 
34-ft. 6-in. monoliths where the depth 
of the water exceeds 70 ft., and one cable 
in each of the remaining 34-ft. 6-in. mono- 
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liths. Raising the height by 13 ft. js 
estimated to require a maximum force of 
800 tons in each cable in the 40-ft. mono- 
liths. 

The compressive stress in the concrete 
at the top of the dam will be high when the 
cables are tensioned, and for this reason 
high-grade concrete is used for the three 
top lifts. Advantage is taken of the 
ducts, while there are no cables in them, 
to relieve the water pressure by connect- 
ing each one to the downstream face of 
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Fig. 3.—Contraction Joints. 


the dam by 1I-in. galvanised iron pipes 
laid on the foundation concrete to drain 
off any water entering the ducts 


Trief Concrete. 


























*-¢ ~< . 
1 "3 Ps One of the factors affecting the decision 
w Copper sheet to construct a plain concrete gravity dam 
*] was the suitability for aggregate of a large 
, | a — quantity of the rock from the excavations. 
Wp Yj " Trief concrete is used for the hearting 
Ss os Yyy because of the low heat of hydration of 
4 YH; > this material, and this characteristic 
; ig enabled continuous construction to be 
Bel —_— used for the monoliths (Fig. 6). The 
Bituminous paint manufacture and use of Trief concrete for 
foe = i two dams in Scotland is described in this 


journal for August 1954. 

In the Trief process wet granulated 
blastfurnace slag is ground in a ball-mill 
on the site and the resulting slurry de- 
livered to the concrete mixer at the same 
time asthe cement. The ball-mill (Fig. 5) 
used on this site was 5 ft. in diameter 

and 30 ft. long and was operated by a 
cement-mortar > 225-h.p. motor. Each of the three 
compartments contained 18 tons of steel 
balls in sizes up to 4 in. diameter. Wear 
of the balls necessitated regrading and 
periodical replacement; the rate of wear 
of the balls was about 7 lb. for each ton 
Fig. 4.—Water Seals at Joints. of slurry. The maximum output of the 
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mill was 3 tons per hour. The slag and 
water were delivered to the mill auto- 
matically until the water content was 
about 30 per cent., the temperature of the 
mill being kept below boiling point by air 
cooling. The ground-slag slurry passed 
along a launder into three storage tanks 
each 16 ft. square and 8 ft. deep, and each 
containing enough for one day’s concret- 
ing. The slurry in the tanks was con- 
tinually agitated by air jets, and was then 
pumped through a 4-in. pipe into the 
drum of the concrete mixer. The water 
content of the slurry was maintained 
within close limits. With more than 
30 per cent. of water the concrete became 
sloppy; below 27 per cent. the slurry 
tended to clog in the pipe and settle in the 
corners of the tanks. 

The mixture in the hearting concrete 
was 70 per cent. slurry and 30 per cent. 
ordinary Portland cement, and in the 
concrete in the cut-off trench 60 per cent. 
slurry and 40 per cent. ordinary Portland 
cement. The increased proportion of 
Portland cement in the cut-off trench 
resulted in higher strength at an earlier 
age in a situation where heat of hydration 
was of less importance. Trief concrete 
was not used for the precast facing blocks 
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TABLE I HEAT OF HypDRatTION. 


Calories per gramme.) 


Ordinary 


Portland 100 per cent. | 40 per cent ) per cent 
cement 
Slag-slurry Nil 60 per cent. 70 per cent. 
At 7 days 7: 48 46 
At 28 days 77 55 51 


as insufficient information was available 
concerning its resistance to acid moorland 
water. 

A characteristic of Trief concrete is the 
slow development of strength and, to 
enable the shuttering to be removed ina 
reasonable time in cold weather, calcium 
chloride was added in the proportion of 
1f per cent. by weight of the slurry- 
cement mixture. With the accelerator 
the compressive strength at seven days 
increased by 40 per cent. but there was no 
gain in strength after about sixty days 

The heat of hydration of the ordinary 
Portland cement used throughout the 
works and of mixtures of slag-slurry and 
cement were as in Jable lI. 





Fig. 5.—Ball-mill for Grinding Slag. 
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Fig. 6. 


Twenty-four platinum-resistance ther- 
mometers were built into the concrete in 
various positions and records were kept 
for about nine months. The rise in 
temperature in the hearting of the Trief 


concrete was about 65 per cent. of that of 


the Portland cement concrete. The aver- 
age rise was about 25 deg. F. for Trief 
concrete in the centre of a 4-ft. lift if 
further lifts were placed at short intervals. 
rhe use of ordinary Portland cement alone 
would have restricted the placing of 
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Continuous Construction. 


adjacent bays to intervals of eight weeks 
and successive placings to intervals of six 
days. By using Trief concrete these 
times were reduced to eight days and 
three days respectively, thereby enabling 
the work to be completed in the contract 
period of three years despite delays due to 
unavoidable causes. 


Construction. 


The construction of the dam required 
the excavation of 73,000 cu. yd. of rock 
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and overburden, the quarrying of 150,000 
tons of granite for use as concrete aggre- 
gates, the manufacture on the site of 
12,000 tons of Trief slurry-cement mix- 
ture, the mixing and placing of 100,000 
cu. yd. of hearting concrete, and the 
manufacture on the site (at the rate of 
80 per day) and the laying of 22,000 pre- 
cast blocks of more than 300 different 
shapes and sizes and up to 4$ tons in 
weight. The construction programme 
was based on the production of more than 
40 cu. yd. of concrete per hour, and an 
all-electric crushing and screening plant 
with a capacity of 70 tons an hour was 
installed in order that aggregates could 
be supplied at the required rate. The 
plant produced five grades of aggregates, 
namely, 4 in. to 2 in., 2 in. to } in., ? in. 
to #in., in. to *% in., and *% in. down, 
and attained an overall output of 45 tons 
per hour. 

The hearting concrete was batched and 
mixed in a 2-cu. yd. mixer pneumatically 


Collapse of a Scaffold. 


Four men were killed recently as the 
result of the collapse of a trestle formed 
of tubular steel scaffolding supporting 
a steel girder of a bridge in course of 
construction. 

At the inquest it was stated that foot- 
ties and two horizontal pieces had been 
omitted from the structure, and the fore- 
man said that after the base was in posi- 
tion the drawings were not again con- 
sulted, nor were the towers inspected 
before they were loaded. The chief super- 
visor of the firm responsible for the towers 
agreed that he had not checked the work 
as it proceeded. 

It was alleged in evidence that the 
parties responsible failed to realise that 
the trestle towers which fell were im- 
portant structures that merited proper 
engineering design and supervision. In 
the opinion of the witness (who had 
carried out an investigation at the request 
of the coroner) the towers were not 
adequately designed or properly erected. 
The tubes appeared to have been much 
used and were corroded; one corroded 
tube was not correctly seated, and was 
“utterly useless ’’. The bracing was com- 
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operated by one man who weighed the ! 


five sizes of aggregate, two grades of 
cement, water, and accelerator for each 
batch. The concrete was discharged into 
bottom-discharge skips of cu. yd 
capacity, which were transported ‘on 
narrow-gauge track to a cableway or a 
derrick crane. The greatest amount of 
concrete placed in a day was more than 
700 cu. yd. 

The design and construction of the dam, 
which was constructed for the South 
Devon Water Board, are described by 
Mr. J. M. L. Bogle, Mr. R. M. Ross, and 
Mr. T. McMillan in the Proceedings of the 
Institution of Civil Engineers for January, 
1959, from which the information and 
illustrations in this article are taken. The 


>I 
<2 


+ 


consulting engineers were Messrs. Lemon ° 


& Blizard, and the contractors were 
Tarmac Civil Engineering, Ltd. The 
underground drilling and grouting were 
carried out by the Cementation Co, 
Ltd. 


pletely inadequate, and the construction 
could not be considered to be safe in ever 
the best possible conditions. 


Professor Hardy Cross. 


It is reported that Professor Hardy Cross | 


died in February last at the age of 74 
Professor Cross, who was professor oi 
structural engineering at the University 
of Illinois from 1921 to 1937, and head| 
of the Department of Civil Engineering} 
at Yale University when he retired in 
1951, is best known for his moment 
distribution method of analysing con-| 
tinuous structures. 


A Visit to Paris. 


THE Joint Committee on Structural Con- 
crete has arranged a visit to Paris 
April 17 to 19 to inspect the headquarter 
of U.N.E.S.C.O., the exhibition hall of th/ 
Centre National des Industries et Tech 
niques, and other buildings. Further 
information may be had from the Secre/ 
tary of the Committee at 52 Grosveno! 
Gardens, London, S.W.r1. 
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UNNECESSARY ACCURACY. 


Unnecessary Accuracy. 


From Mr. B. W. Cooper. 


Sir,—! read with interest the Editorial 
Note on Unnecessary Accuracy in your 
number for December, 1958, and Mr. A. E. 
Holdaway’s letter in the number for 
February, 1959, commenting on this sub- 
ject. I feel that the latter cannot be 
allowed to pass without comment. 

The fundamental point which Mr. 
Holdaway makes would appear to be that 
experienced designers and detailers should 
not need to use “‘ accurate”’ analytical 
methods to arrive at the dimensions of 
structural members and reinforcement, 
except, one assumes, in the case of un- 
usual structures. I would certainly not 
dispute this. The fallacy in the general 
argument lies in the woeful lack of people 
with the experience that Mr. Holdaway 
presupposes. Unavoidably a_consider- 
able proportion of design work in many 
offices is done by juniors in their early 
twenties who have not the experience to 
call upon when faced with even quite a 
simple design problem. In order to 
tackle it they must carry out simple 
analysis by the only means at their dis- 
posal, which are those laid down in the 
codes of practice, supplemented by the 
theory they are taught at school. There 
is, of course, considerable emphasis now 
on schooling and it is the ambition of 
most young detailer-draughtsmen to be- 
come designers. They are not all the 
time content merely to accept the details 
given to them by an older person. 

It is to be hoped and expected that 
those younger people who are successful 
in intelligently understanding and apply- 
ing the currently popular analytical 
methods will also, as they gain experience, 
use that experience to simplify their work 
considerably. 

I think it unfortunate that, to take one 
case, school examples are normally 
worked with bending moments in pound- 
inch units, while kip-feet are a more 
realistic order of accuracy. Moment dis- 
tributions do not have to be carried 
through to the bitter end, and so on, but 
I do consider it important that designers 
should have worked things out fully 
during early years, so that later when 
making approximations they are able to 
satisfy themselves that these are valid. 
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I see no reason to believe that the designer 
being trained to-day should not, even 
under the restrictions of the Code, be able 
to design after a number of years’ experi- 
ence as quickly and economically as can 
Mr. Holdaway. 

There are two further comments I 
would make. The first is that the 
standard of drawings produced in the 
nineteen twenties and thirties would ap- 
pear to have been quite as high as, if not 
higher than, the standard demanded to- 
day, judged by the limited number that 
I have studied which were produced 
during that time by my present firm. 
Secondly, I should be interested to know 
the method used by Mr. Holdaway in 
designing column-beam connections. 


[The U.S.A. method of detailing men- 
tioned by Mr. Holdaway is given in 
‘““ Manual of Standard Practice for Detail- 
ing Reinforced Concrete”’, published by the 
American Concrete Institute, of Detroit. ] 


From Mr. V. A. Morgan. 


Sir,—The Editorial Note in your num- 
ber for December, 1958, on unwarranted 
accuracy of calculations prompts me to 
give some views on the design of frames. 

The design of framed buildings is de- 
pendent on calculations based on assump- 
tions which are very approximate and in- 
accurate, and some important matters are 
omitted. This must needs be so, for 
otherwise the calculations would be too 
abstruse for most designers and each 
frame would become a research problem. 
A simple framed building is a highly re- 
dundant structure and, even if it is 
designed for only the probable variable 
occurrence of the imposed vertical loads, 
omitting the effects of wind and assuming 
that side sway is prevented, it is extremely 
difficult to calculate with any pretence to 
accuracy the critical bending moments, 
the shearing forces, and the thrusts acting 
on the various members. A frame is 
represented by a line-diagram of the 
centre-lines of the columns and beams. 
The effective lengths of the members are 
affected considerably by the very stiff 
junctions, so that the dimensions of the 
line-diagram do not represent 
lengths as is generally assumed. 


these 
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The elements of the structure are 
analysed separately starting with the 
slabs, which are usually continuous over, 
and monolithic with, the secondary beams. 
The supports of the slab are usually con- 
sidered to resemble knife-edges, although 
they are far from being so. Even if the 
slabs are designed by the moment-distri- 
bution method the increased thickness of 
the beams is seldom taken into account; 
the increase or reduction of the bending 
moments by 15 per cent. is assumed to 
be a plastic redistribution independent of 
the character of the supports. The loads 
from the secondary beams are usually 
assumed to be concentrated on the primary 
beams, whereas they are dispersed on to 
these. beams; also some of the load is 
transferred to the primary beams directly 
by the slabs. The stiffness of the primary 
beams, which are usually tee-beams or ell- 
beams, presents a problem because of the 
various methods of calculation which give 
different results. 

Having calculated the bending mo- 
ments, the modular-ratio or load-factor 
method may be used to determine the 
sizes of, and reinforcement in, the beams 
and columns subjected to compression 
and bending. The two methods are likely 
to give different results. Unless the 
amount and distribution of the reinforce- 
ment agree with the assumptions in the 
calculations of the stiffness it may be 
necessary to re-calculate this factor and 
therefore the bending moments, although 
this step is rarely taken. Ell-beams are 
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generally subjected to torsion, and torsion 
is generally present in both of two beams 
meeting at right-angles, but rarely if ever 
are the torsional stresses evaluated, In 
addition to the foregoing, variations in the 
quality of materials and the distribution 
of the loads differ from those assumed, 

It appears therefore that the design of 
frames is an approximate operation. 
Nevertheless these approximations have 
been proved to provide a sound basis for 
design so long as there is a margin of 
safety in each structural element. There 
have been failures even when structures 
are designed in accordance with codes of 
practice, one such failure being that of 
a warehouse in the U.S.A. about which it 
was stated that no codes either Ameri- 
can or European contained provisions 
which would have prevented failure (ex- 
cept the German code).* 

A number of factors which are not 
usually taken into account in the calcula- 
tions but which contribute to the stabil- 
isation of a frame and offset some of the 
deficiencies in the calculations, such as the 
stiffening effect of walls, partial fixity at 
column bases instead of hinges as may 
have been assumed, and the redistributive 
effect of slabs supported on more than two 
sides, tend to reduce the bending mo- 
ments, and it is a fact that if one member 
of a monolithic structure tends to be over- 
strained it may be relieved by adjoining 
members if they are lightly stressed. 


* “ Journal of the American Concrete Institute”, Janu- , 


ary, 1957- 
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A NEW SYSTEM OF CONSTRUCTION. 


A New System of Construction. 
PRECAST PRESTRESSED CONCRETE COMPONENTS. 


A NEw system of construction is being 
applied to buildings such as _ schools, 
hospitals, and offices up to four stories in 
height. A cross section of a typical two- 
story building is shown in Fig. 1. The 
system comprises columns, beams, wall 
panels, and other components of standard 
sizes for the structural frame and external 
walls. They are small enough to be 
erected easily, but are as few in number 
as is practicable. 

The columns are of prestressed concrete, 
those in exterior walls being of 6-in. by 
6-in. cruciform cross section and the 
interior columns are 6 in. square. The 
heights are from 1o ft. to 15 ft. 10 in. in 
increments of 10 in. The spacing of the 
columns is 3 ft. 4 in., 6 ft. 8 in., or ro ft. 
Separate precast concrete heads are fixed 
to the columns and provide the support 
for floor and roof beams. The columns 
are erected on precast concrete sills. The 
floors are designed for an imposed load of 
60 lb. per square foot. Primary beams 
(Fig. 2) comprise precast concrete lattice- 
web members, each 3 ft. 4 in. long, and 
slotted boom members which are pre- 
stressed on the site by means of two post- 
tensioned wires set in grooves in the sides 
of the booms. The depth of the floor 
beams is 1 ft. 6 in. and the greatest span 
is 33 ft. 4 in. 


The secondary beams between the 
primary beams are precast in one piece 
about ro ft. long for heavily-loaded floors, 
or are assembled from one, two, or three 
precast pieces each 3 ft. 4 in. long 
for lightly-loaded floors. The boundary 
beams, which are of approximately rect- 
angular cross section, are of precast rein- 
forced concrete cast in short pieces, assem- 
bled to form a beam, and prestressed after 
erection. The spans are 3 ft. 4 in., 
6 ft. 8 in., and 1o ft. Precast braces 
extend between each boundary beam and 
the first parallel line of primary beams 
to provide stability against horizontal 
loads. The beams and columns are fixed 
together with dowels or pegs. The floors 
comprise precast slabs 14 in. thick set in 
rebates in the top booms of the beams. 
The slabs have a mortar topping applied 
after erection. 

The roofs are designed for an imposed 
load of 15 Ib. per square foot. The 
primary, secondary, and boundary beams 
and braces are identical with those for 
floors but the greatest span is 46 ft. 8 in. 
Precast concrete eaves members are pro- 
vided. The finish comprises 2-in. slabs 
of lightweight insulating material and 
three layers of roofing felt. 

The staircases are constructed of pre- 
cast stringers and steps and occupy an 
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Fig. 1.—Typical Section. 
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Fig. 2.—Details of Prestressed Main Beams. 


area on plan of 16 ft. by 1o ft., which concrete blocks and are either 4} in. thick 


includes a half-landing. plastered on both sides, or 6 in. thick 
The panels for exterior walls comprise without plaster. 
a timber frame with an internal lining of The system, which is known as Laing- 


asbestos insulation board backed with span, was developed by Messrs. John 
corrugated aluminium foil. The external Laing & Son, Ltd., in association with the 
facing is of hardwood boards backed Architectural and Building Branch of the 
with building paper. The thermal insula- Development Group of the Ministry of 


tion factor U is o-18 for the exterior Education. The consulting engineer for , 


walls. the prestressed concrete work is Mr. A. J. 
The partitions are of lightweight hollow Harris. 


FIFTY YEARS AGO. 


From ‘‘ CONCRETE AND CONSTRUCTIONAL ENGINEERING ”’, March, 1909.* 


PRECAST STRUCTURAL MEMBERS.—This number contains an illustrated article describ- 
ing the use of precast structural members in the construction of a clinker store | 
at a cement works in the U.S.A. The structure is 360 ft. long by 144 ft. wide by | 


30 ft. high. The roof is formed of slabs measuring 12 ft. by 6 ft. by 4 in. thick. The 
columns are 32 ft. high by 1 ft. 6in. square. The beams are 24 ft. long, 2 ft. 2 in. deep, 


and 1 ft. wide. There are 141 columns, 187 beams, and 700 roof slabs, which were ' 
cast on concrete slabs about half a mile from the site and transported by rail. The 


members were cast by twenty-three men in two months. Carpenters were paid Is. an 
hour and labourers 7}d. an hour. Aggregate cost 2s. 8d. per cubic yard and cement 
24s. per ton. The cost of 1 : 6 concrete was 14s. 8d. per cubic yard. Steel reinforce: 
ment cost 18s. per ton. The walls were cast in place. 


* “Concrete and Constructional Engineering" appeared in alternate months until September, 1909. 
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BOOK REVIEWS. 


Book Reviews. 


* “ Prismatic and Cylindrical Shells.”” By 

{ Pavid Yitzhaki. (Amsterdam: North- 
Holland Publishing Co. 1958. Price 11 
U.S. dollars.) 


Tue author introduces a method of “‘ par- 
ticular’ loadings which, it is claimed, 
provides a solution satisfying the condi- 
> tions of equilibrium and geometry from 
which a solution for a given loading can 
be obtained by the superposition of several 
particular loadings. The stresses in a 
prismatic structure comprising a slab 
spanning in one direction and continuous 
over the ridges or junctions are calculated 
by first assuming rigid supports at the 
junctions and evaluating the reactions on 
this assumption. A particular loading is 
obtained in two steps, namely, (i) the 
stresses and displacements of the plate- 
structure under any assumed loads are 
calculated, and (ii) the loading required 
to bend the slab to conform to the de- 
formations of the plate-structure; this 
loading comprises a series of vertical loads 
in equilibrium and applied at the junc- 
hick tions and which, being resisted by the 
hick slab-structure only, do not affect the 
plate-structure. The series of vertical 
aing- forces is called the “ moment loading ”’. 
The ordinary load due to dead weight and 

wk Pheer aed 
nthe | S20w is uniformly distributed along all the 
fthe | Junctions, but part of the “ moment 
loading’ is transferred transversely to 
© for | adjoining junctions due to the differences 
AJ. of the deflections of the junctions. The 
si longitudinal distribution of the ‘‘ moment 
loading ’’ followsclosely the curve of the de- 
flections at the junction. This “‘ moment 
loading’ may also be treated as uni- 
formly distributed along the junctions if 
the central section only is considered, but 
' the results may be slightly exaggerated. 
., | since the maximum longitudinal stresses 
scrib- i differ only a little from those in a pris- 
store | matic roof considered to have rigid sup- 
de by | ports at the junctions, the elaboration is 
The § not worth while for a structure with a 
deep, | small number of plates. As the number 
| were | of plates in the profile increases the 
The ¢ Mfluence of the “ moment loading” 
~~ | increases also, and it is necessary to con- 
a sider the loading along the junction as 
following more closely the longitudinal 
(deformation of the junctions. Useful 
| data for this type of loading with various 
} end conditions are given. There are also 
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chapters on restraint by edge-beams, slope 
deflection, shear strain, torsional rigidity, 
and plasticity. 

The author proceeds from prismatic 
structures to circular barrel-vault shells 
by substituting a multiple-plate structure 
which closely follows the profile of the 
shell and which is analysed by the method 
of particular loadings. This method may 
not appeal to designers familiar with the 
more usual analyses, but may provide a 
rough means of designing shells of varying 
curvature.—A. J. A. 


“ Phillips Pavilion at the 1958 Brussels 
World Fair.”” (London: Cleaver-Hume 
Press, Ltd. 50 pages. Price 5s.) 

Tuts brochure describes the architectural 

and structural design and construction of 

a building entirely composed of hyper- 

bolic-paraboloidal prestressed concrete 

shells. It is claimed that some of the 
formulz for such shells are published here 
for the first time. Tests on models to 
investigate the stresses produced by the 
weight of the shells and snow and the 
effect of wind are described. [This struc- 
ture, which was designed by Le Corbusier 
and Y. Xenakis, is illustrated on page 82 
of this journal for February, 1958.] 


‘** International Business Register, 1958.”"’ 
(London: Bottin International Co. Price 
£4 15S.) 

It is perhaps too much to expect that 
a directory of manufacturers and whole- 
salers throughout the world of products 
ranging from abbatoir equipment to zip 
fasteners should be complete and accurate, 
even within the scope of more than 
2000 pages. Some of the sections we 
have checked leave much to be desired 
in these respects. There are also pages 
relating to many countries with maps 
and information on the industries, cus- 
toms duties, consulates, chambers of 
commerce, and lists of names and 
addresses of businesses. 


“ Zehnteilige Einflusslinien fiir durch- 
laufende Trager.” By G. Anger. (Ber- 
lin: Wilhelm Ernst & Son. Vol. I. 7th 
edition. 1958. Price 41 D.M.) 

Tuts edition of nearly 300 pages and as 

many diagrams gives formule for the 

bending moments on beams continuous 
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over two to eight spans and freely sup- ‘‘Sell’s Building Trades List, 1959% 
ported or fixed at the.ends. The formule (London: Business Dictionaries, Ltd.  Prigg 
are derived from the theorem of three 405.) 

moments using the load-factors which can THIs comprehensive guide to the building 
be evaluated for any practical combina- and associated industries contains more 
tion of loads. Numerical examples are than 40,ooonamesand addresses of builders 
given for each groupofspans. Theauthor and suppliers of building materials and 
emphasises the advantage of indicating plant arranged alphabetically in classified 
the supports by numerals instead of letters sections. There is also an extensive list 
of the alphabet as is more common. of trade names. 





THE UNIVERSITY OF LEEDS 


BURSARIES IN CONCRETE 


TECHNOLOGY IMPERIAL COLLEGE OF 
Applications are invited for Bursaries in Concrete 


Technology tenable from rst October, 1959. SCIENCE AND TECHNOLOGY 


The value of the Bursaries is £400 per annum, less 
University fees. They will be awarded for one 
year and may in certain circumstances be renewed ; . ; 
for a second year. Bursaries of £460 -£760, according to experience, 

. ae , are available for Session 1959-60. Candidates 
Applicants must hold a degree in Engineering, or must hold a degree in Engineering and have good 
its equivalent. The course will include post- knowledge of theory of structures. Full informa- 
graduate lectures, design, drawing and laboratory tion from the Registrar, Imperial College, London, 
work. S.W.7. Closing date June 1st, 1959. 


Bursaries in Concrete Technology 


Applications with full details of qualifications and 
experience, and names of two referees, must be 
received by the RecGistrar, The University, 
Leeds, 2, not later than rst May, 1959. 








—the best, big, British 


\) § DIESEL 
OR 
. ELECTRIC 


—bends single bars up to 2 inch diam. 
or group of bars of total cross- 
sectional area up to 

3 sq. inches 


UNEQUALLED for | 
FAST & ACCURATE | W FOR SALE 
POWER BENDING OR HIRE 


Acrow (Engineers) Ltd., South Wharf, London, W.2 = (AMBassador 3456—20 lines) 


and at Birmingham, Bristol, Cardiff, Glasgow, Leeds, Liverpool, Manchester, Newcastle, 
Saffron Walden, Southampton. 
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